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I[. INTRODUCTION

This study was performed to determine the effectiveness of several types

of chemical germicides as decontaminating agents. These compounds kill or
inhibit the growth of microorganisms by various means. For example,
quarternary ammonium c¢>mpounds {cationic surfactants) may kill by the lysing
of the bacterial cell or by denaturation of cellular or enzyme protein. The

phenol derivatives may kill by protein denaturation, metabolic blocking, or
surfactant effects,

The prime concern of this study was the effectiveness of kill, not the mechan-
ism. The reduction of biological burden on surfaces, parts, tools, instruments,
and supplies in low-burden areas such as EASL will depend in part on the
germicide used as a decontaminant. A cationic surfactant in aqueous and
alcoholic solution, a phenolic compound, and a chlorinated phenol were chosen
to be studies for their efficacy as germicides against Escherichia coli,
Staphylococcus epidermidis, Proteus vulgaris, and Bacillus globigii in the
vegetative and spore state.

II. MATERIALS AND METHODS

A. GERMICIDES

Hyamine 3500 80-percent concentrate in ethanol is a blend of alkyl dimethyl
benzyl ammonium chlorides. This is a surfactant particularly effective in
hard waters, and may be used as an aqueous or alcoholic solution. For this
study Hyamine 3500 was preparedin a 1:1000 concentration in distilled water
and in 70-percent isoproponal, by adding 1. 25 parts of Hyamine 3500 to the
appropriate quantity of solvent. This proportion of Hyamine 3500 was necess-
ary to correct for the concentration in the undiluted solution (80 percent).

Dowicide AZ is the sodium salt of 0-phenyl phenol. Dowicide B2 is the sodium
salt of 2,4, 5 trichlorophenol, These compounds were prepared by adding

1 gram of material to 1 liter of distilled water, a 1:1000 concentration. Both
Dowicides were soluble in water, as was the Hyamine 3500.

B. ORGANISMS

As stated previously, the organisms to be subjected to the germicidal activity
were E. coli, S. epidermidis, P. vulgaris, and B. globigii (spores and vege-
tative cells). All cells were prgpared as follows. An inoculum from an agar
slant was placed in 50 ml of trypticase soy broth (B. B, L..) and incubated at
3§u C for 18 —24 hours. Harvesting was done in a refrigerated centrifuge at

0 C, using three successive washings with cold, | percent peptone water.




A final suspension of the cells in 10 ml of cold peptone water was prepared.
Peptone water was chosen as the washing and suspending medium because it

was found that the vegetative cells lysed when suspended in distilled water.

The B. globigii spore crop was grown by successive inoculation into increasing
amounts of trypticase soy broth (B.B. L.) for three days, followed by plating on
trypticase soy agar (B.B.L.) supplimented with 40 mg CaCl_ and 10 mg MnSo
per liter of agar. One ml of broth suspension was spread over the surface of
the agar. The plates were incubated until they contained 80 —90 percent spores.
Harvesting was done by scraping the growth off the plaotes (using bent glass rods)
into distilled water. The spores were centrifuged at 0 C and washed 3 times and
finally suspended in distilled water. The organisms were then diluted and plated
to determine their viable counts before each assay. Both spores and vegetative
cells were diluted for use to approximately 10 cells/0.01 ml.

C. SURFACES UTILIZED

To properly evaluate the germicide, materials were chosen which would
simulate surfaces in low-burden areas. Strips 2 x 3/4 x 0.02 inches were
fabricated of stainless steel and Formica. Half of the stainless steel strips
were painted with an epoxy paint (Sinclair semi-flat). These strips were steam
sterilized in groups of 60 on aluminum-foil-covered flat trays with an outer
wrapping of kraft paper. The test organisms were inoculated with 0.01 ml of
the cell suspension, onto the surface of each strip in order to cover an arca
approximetely 0. 6 in“, The inoculated strips were dried at 32°C before assay.
Five strips of each material were used with each germicide andeach organism.

D. RECOVERY MEDIUM

Trypticase soy agar with neutralizers was used for plating to recover possible
survivors after exposure to the germicides. The neutralizers were needed to
counteract the effects of germicides that might have been carried over to the
plating medium. A combination of Tween 80 and lecithin was used as the
neutralizers. The TSA was prepared containing 0.7 gms of lecithin and 5 gm
of Tween 80 per liter of agar.

E. ASSAY METHOD

In a laminar flow bench, each strip was dipped into germicide for 2

seconds, removed and placed upright in a sterile rack to dry. This procedure
most closely approximates a wipedown of a surface. The dried strips were

then placed into Bussey bottles containing 10 ml of 1 percent peptone water. The
strips were sonicated face down at 25 kc/second for 12 minutes, then plated as
follows: The strip was placed onto a layer of TSA and covered by another layer
of melted cooled TSA. In addition 1 ml of the psptone water rinse (undiluted)
was plated, as well as 1 ml aliquots of the 1/10™ and 1/103 dilutions. All plates
were incubated aerobically at 32 C for 72 hours. Colony counts were made at
24, 48, and 72 hours.
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The counts were recorded from each of the five plates for each strip. Since

five replicas were used, the colony counts for each, plus the average of the five,
were reported.

1II, RESULTS

The only organism that survived in numbers greater than 10 percent of its

initial population with all four germicides was the spore of B. globigii. The
percent survival ranged from 10 percent on Formica strips ‘when treated with
aqueous Hyamine 3500 to 57 percent on the epoxy paint strips when treated with
Dowicide B. The results are recorded in Figures 1 and 2. Following immersion
in the two Dowicides, S. epidermidis on epoxy paint strips survived in greater
numbers than on stainless steel and Formica. S. epidermidis exposed to the
aqueous and tincture of Hyamine 3500 had less than 1 percent survivors or no
survivors. These results are in Figure 3,

Figures 4 and 5 show the survival of E. coli and P. vulgaris respectively.
There were no observable colonies in 72 hours with P. vulgaris, and less than
l percent survival of E. coli on all materials after exposure to the germicides
tested. In all cases, the two Hyamine 3500 formulations were more cffective
than the Dowicides in the concentrations used.

IV, DISCUSSION

The four germicides in recommended use dilutions and for the exposure times

of this experiment were shown to be 99-percent effective in reducing the pop-
ulations of such vegetative cells as E. coli, P. vulgaris, and B. globigii on

the three surfaces used. (See Table 1. ) They were at least 95- -percent effective
against S, epidermidis. Hyamine 3500 in aqueous solution was the only germ-
icide to reduce (kill) as much as 90-percent of the B. globigii spore population,
and this was for the stainless steel surface. The alcoholic Hyamine 3500 killed
approximetely 75 percent of the spores. The results with the Staphylococcus
and the spore populations seem to indicate that the epoxy-painted surface may
have a protective effect on the organisms deposited on this type of surface.

This is perhpas a protective effect due to the paint surface. The number of
tests done in this study is insufficient to illustrate this phenomenon as more than
a possibility, For practical purposes of use in decontaminating the surfaces

of tables, walls, tools, and other equipment found in low-burden areas,
especially where the microbiological population consists mainly of spore formers,
the quaternary ammonium compounds appear to be most effective. Where the
microbial flora is largely composed of vegetable cells, both the quaternary
ammonium and phenol derivatives are approximately equally effective.

-3



Euu;*a g€’ quz.s:;I w_ﬁ_xm_ ///////ﬁ/ﬂ///%////////%/%//ﬁ////j
wa2.2d 4G9 30121MOQ wo_xm_m //// /////////////%////////////////////////
_ ES;aLS v 30121M0a wo_xm | //// ///////%////////////,//z////
= — _

IVILINI' $340dS 1151807198 18213d G2° INIL INIWVAH wm_x_ //////_///////////////////

.

ILINI ' §380ds __o_mo._o.ﬂeg mm“uz: ke wo.xm_: ///////%///////ﬂ///////%////,//%/
OIX ¥ SIVNO3 HCMHMM e Aames oos_nm_ ///// /// /m \
.Z._w_ztmumoam 518075 @ J Evmm.q uo_u_;oo wo_xm_ //////////////////////// \

1 1 1 1 1 [ | 1

FORMICA EPOXY PAINT

MATERIAL AND GERMICIDE

STAINLESS STEEL

771009

PORES ON THREE TYPES OF

GERMICIDES

BIGIH §
0 FOUR

GLOBIGH

Figure 1. SURVIVAL OF B.
SURFACES EXPOSED T



ONIL 3INIWVAH )
by ININVAH o]
.
8 MOa 0IXZ m
»O0IXS $1VYND3 LNNOD IVILINI *S17130 3AILVLIOIA 11918079 '@ ¥V MOQ 401X 9 P
- z
4u8243d| > JN|L ANINVAH o0IX 2
z
ue2ad | > by ININVAH 0IXb .
0 8 M0g 0
O X § SIVNO3 LNNOD IILINI* ST130 JAILYLISIA 11918019 @ 0 vmod °
13213d | > ONIL ANINVAH 01X 2
ua2iad| > by INIWVAH | OIX b
0 8§ mod )
pOIXS STVNDI LNNOD TVILINI*ST113D JAILVLIDIA 119180719 8 uddiad) > v MOQ o0l X 2
ﬂ\ _ _ _ _ _
8 2 R w m m 2 & e ©

100

AVAIAYNS LIN3JYH3d

EPOXY PAINT

FORMICA

STAINLESS STEEL

MATERIALS AND GERMICIDES

77i010D

S ON THREE

OF SURFACES EXPOSED TO FOUR GERMICIDES

SURVIVAL OF B. GLOBIGI} VEGETATIVE CEL!

Figure 2.



_ _ ]

_ . ONIL ININVAH o0IXt i
Jua9s3d | > ) | [ m =
_ | bY 3ININVAH OIXb JE
_ | A, a
1092130 g ‘g 3010IMO0 no_xS ,// >
¢0i X2 §IvN0d3 LNNOD A__ o_xwm / m

R~ TITT T R 3049
\l._x_tz\_w_o_}muoau s \ i1 re'y uoﬁ €0l /// i
1uao1ad | > ONIL ININVAH o0IX 8
_
by INIANVAH O «
| Q
_588 g1's 3aioimoa mo_x L2 2
gOIXe2 SMvnD3 ._.ZIDOU [
TvILING SIQIWE3GId3'S ES;QN_ v uo_o_;oo no_x¢ 2 w
{ ONIL ININVAH (0IX9

juaosad | > | t o
_ 1 by InIwvaH jorx et o
I I § ¥
was3d 1 'g 3QIJIMOQ ¢OIX 61 N 3
501X2_STvN03 LNN0D ! | _ N 3
\Iqq_tz_. SIQINY3QId3'S wai3d ')y 3Q12IM0A ¢0IX 22 m
1 1 1 S I .Ql.v

—

100

-

80

T

[
o o}
@ '}

-

20+

|
3

AVAIAYNS LN3JH3d

‘

MATERIAL AND GERMICIDE

771011

SURVIVAL OF §. EPIDERMIDIS ON THREE TYPES OF

SURFACES EXPOSED TO FOUR GERMICIDES

Figure 3.



EPOXY PAINT

FORMICA

SURFACES AND GERMICIDES
. COLI ON THREE TYPES OF SURFACES

FE
EXPOSED TO FOUR GERMICIDES

Figure 4. SURVIVAL O

ﬁ ONIL ANIAVAH _O_ X2
T _
9 ; v M0 |0i X |

100

IVAIAYNS LN3JH3d

STAINLESS STEEL

771012D



ﬁ||4<_tz_.m_m<3:>m
L L

gOIX 2 s1vnd3 LNNOD

1

AVAIAYNS ON

* INIL ININVAH O
‘by ININVAH O
‘g 3012/mM00 O

‘v um:u:soo o

1Y

IVILINIG STHYSINAG
| I vo

¢0IX2 SIvND3 LNNOD

1

-

VAIAYNS ON N

* ONIL 3INIWVAH O
‘by ININVAH O
‘g 30121M0Q O

‘v 3Q121M0Q O
]

L

m.lqc._.r_z_ * SIVOINAd
L <

g0IX2 STvnd3 LNNOJ

VAIAYNS ON

A. ONIL INIWVAH O

| ‘DY ININVAH o
¢

« ‘e 30121M0Q O

‘v 3012I1mM00Q ©

[

|

%ZZZ%%ZZZZZZZZZZZZ%ZZZZZ

:

s

(o] (@]
[} «

100

(o]
~

(o
o

(@]
["e]

IVAIAHNS LN3IOH3d

[e]
<

o
"

N

FORMICA EPOXY PAINT

MATERIAL AND GERMICIDE

STAINLESS STEEL

771013

SURVIVAL OF P. YULGARIS ON THREE TYPES OF SURFACES

Figure 5.

EXPOSED TO FOUR GERMICIDES



TABLE |

KILL EFFECTIVENESS OF HYAMINE 3500 AND DOWICIDE PREPARATIONS

GERMICIDE STUDY RESULTS

Organism Material Dowicide A Dovicide B Hyamine AQ. | Hyamine Tincture
Stainless S.:el  Initial Count 4x 106 4 x 106 4 x 106 4 x 106
Survivors 1.3 x 106 1.8 x 106 7.3 x 10° 1.6 x 106
B. globigii Percent Survival 33 45 18 37
Spores
Formica Initial Count 4 x 106 x 108 4x 108 4x 106
Survivors 1.9 x 10 2.1 x 106 4 x 105 1.0 x 106
Inoculum: Percent Survival 47 50 10 25
1.5 x 108/m1 Epoxy Paint Initial Count 4 x 106 4 x 106 4 x 10° 4x 108
Survivors 1.5 x 108 2.3 x 100 6 x 105 1.3 x 106
Percent Survival 37 57 15 33
Stainless Steel  Initial Count 5 % 10% 5 % 10% 5« 10% 5 x 10%
B. globigii Survivors 2 x 109 0 4 x 10! 2 x 100
veg. cells Percent Survival <1 0 <1 <1
Formica Initial Count 5% 104 5 x 104 5 x 104 5% 104
Inoculum: Survivors 0 0 4 x 100 2 x 100
7 x 10°/ml Percent Survival 0 o <1 <1
Epoxy Paint Initial Count 5 x 104 5 x 104 5 x 104 5 x 104
Survivors 6 x 100 2 x 100 0 0
Percent Survival <1 <1 0 [}
Stainless Steel Initial Count 3 x 106 3 x 100 3 x 108 3 x 108
E. coli Survivors 3 x 10! 1x 102 1x10 3 x 10!
Percent Survival <1 1 <1 <1
Inoculum: Formica Initial Count 3x 1o‘1’ 3 x 106 3108 3x 106
3 x 108/ml Survivors 1x10 1x 10! 1x10 3 x 10!
Percent Survival 1 <1 <1
Epoxy Paint Initial Count 3 x 10° 3 x 100 3 x 106 3 x 106
Survivors 2x 10! 8 x 102 4x10! 2 x 10!
Percent Survival <1 <1 <1 <1
Stainless Steel Initial Count 2x10° 2 x 105 2 x 10° . 2 x 105
Survivors 2.2 x 10 1.9 x 10° 1.2x10 6 x 101
S. epidermidis Percent Survival 1.1 1 <1 <1
Inoculum: Formica Initial Count 2x 105 3 2 x 10° 2x 105 2% 10°
2 x 107/ml Survivors 2.4x 10 2.7x 103 0 8 x 10°
Percent Survival 1.2 1,3 [} <1
Epoxy Paint Initial Count 2x10° 2 x 105 2 x 105 2 x 10°
Survivors 8.8 x 10° 7.6 x 103 4x10° 45 10°
Percent Survival 4.4 3.8 <1 <1
Stainless Steel Initial Count 2 x 105 2 x 10° 2 x10° 2x10°
P.vulgaris Survivors o 0 0 0
Percent Survival [ 0 0 0
Inoculum Formica Initial Count 2 x 10° 2 x 105 2 x 10° 2 x 105
2x10"/ml Survivors 0 0 0 0
Percent Survival 0 0 0 0
Epoxy Paint Initial Count 2x10 2 x 10° 2 x10° 2 x 105
Survivors 0 [ [4] 0
Percent Survival 0 0 o 0




V. CONCLUSIONS

Aqueous Hyamine 3500 and the tincture of Hyamine 3500 were most effective
against the spore population, in the order cited.

An epoxy-painted surface may afford some protection to the microbial flora
against the action of a chemical germicide.

Either type of Hyamine 3500 is the germicide most effective against the
vegetative cells.

It may be possible to efféctively use the germicides studied in higher
concentration or for longer exposure times against spores.

VI. RECOMMENDATIONS

It is recommended that further studies be done in determining the effectiveness
of germicides against spore populations.

It is recommended that further studies be performed to elucidate the protective
phenomenon associated with epoxy-painted surfaces.
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